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EXPERIMENTAL STUDY OF THE IMPACT OF UPLAND SEDIMENT SUPPLY
UPON COHESIVE STREAMBANK EROSION
PART 1: FLUID TURBULENCE
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Lexington, KY 40506-0281
Phone: (859) 257-4093
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Jimmy Fox
Assistant Professor
Department of Civil Engineering
University of Kentucky
161 O. H. Raymond Bldg.
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This research project is experimental in nature and studies the in-stream interaction of
fluid turbulence, upland sediment supply, and cohesive streambank erosion. Experiments
were designed for testing these complex interactions within the controlled setting of the
12 m recirculating flume in the Hydrosystems Laboratory located at the University of
Kentucky. Currently, the presenters are describing results of experiments performed to
qualitatively and quantitatively determine the fluid turbulence in smooth and rough
channels, including the importance of coherent structures, to educe the dominant eddy
processes which act to dislodge sediments from the bed and banks of an erodible channel.
Particle Image Velocimetry (PIV) and Acoustic Doppler Velocimetry (ADV) were used
to measure turbulent properties in the test channel, and the analysis, including crosscovariance functions, integral length scales and power spectral densities, indicated that
the eddies vary in time and space. Mathematical decomposition methods were used to
create filters for the spatial and temporal velocity data to help visualize the shape of the
dominant eddies in instantaneous turbulent fields. A homogenous large-eddy simulation
(LES) decomposition was used to visualize the scale of the energy-containing eddies and
an inhomogeneous LES decomposition with proper orthogonal decomposition (POD)
was used to visualize even larger scale coherent structures originating from the bed. A
moving average was used on the time-series data collected with ADV to identify very
large-scale groupings of coherent eddies into streamwise patterns on the order of 12times the flow depth. The presenters also discuss the latter phase of the project which
involves further experiments including sediment supply and cohesive bank materials.
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TOWARD USING A THREE-DIMENSIONAL NUMERICAL MODEL FOR
SIMULATING HYDRODYNAMICS NEAR A DAM FOR CONSTRUCTING THE
RATING CURVE

Zhiyu S. Shao, Scott A. Yost
Department of Civil Engineering., University of Kentucky, Lexington, KY 40506-0281
Phone: (859)-422-3103
Email: zshao0@engr.uky.edu

A dam is an important hydraulic structure for control of flooding problems, navigation
and recreations purpose. Most dams in United State were constructed more than 100
years ago and certain elements are now in serious need of upgrading, repair and/or
replacement. Kentucky Water Division requires that elevation discharge relationship
must be submitted as part of the plan for each new structure or modifications on old
dams. To get approved by the water regulation agency, it is important for the new
structure has the same hydraulic features as the old one, i.e, discharge ~ stage
relationship. A rating curve has to been studied first to make sure any new constructions
will not change the flow pattern on the existing river system.
Traditional approaches for studying the hydrodynamics near a hydraulic structures
involve field measurements and setting up laborer physical model. There are limits with
the laboratory model studies. Laboratory models hardly satisfy the hydraulic similarity
with the original physical model because of the existence of some dominant nondimensional parameter that can not be represented in labor model. Another shortcoming
of lab models is the lack of flexibility in configurations.
Numerical simulations provide a flexible way to study the hydrodynamics near hydraulic
structures. Numerical models are flexible to simulate several possible scenarios without
much extra efforts. A few numerical models have been set up to study flows and
sediment transport process in natural streams with complex geometry since 1980’s. Early
numerical models for natural rivers solved the depth averaged Shallow Water equation
which is an approximate of Navier-Stokes equation. Shallow Water equation has great
limitations in engineering applications since it is a hydrostatic model. But the dynamics
near and over a dam are very dynamic. With the development of advanced algorithms for
Navier-Stokes equation and the improvement of computation capabilities in super
computers, more sophisticate numerical models are being used for natural streams.
Application of computational fluid dynamics (CFD) models to natural rivers provides the
potential to develop solutions to a wide range of geomorphologic and river management
problems. FLUENT has been successfully used to simulate small scale fluid dynamics
problems in mechanic engineering such as ink jet, combustion chamber and flows in
pipes. Occasionally, it has been applied in large scale problems such as open channel
flow simulations in civil engineering. Also most of the open channel problems that have
been studied using FLUENT are 2 dimensional instead of 3 dimensional. In this study,
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the possibility of using FLUENT in large scale water resources projects such as a dam. In
this study, a three – dimensional FLUENT model was used with the developed grid. The
geometry of the new Lock&Dam 9 was translated into a computational grid using a
commercial grid generation package – Gambit. The 3D mesh, which contains both
tetrahedral and hexahedra grids was generated 500m upstream and downstream of dam.
Figure 1 show the geometry of Lock&Dam 9 used to generate the computational grid. To
simulate the complex and changing free-surface, the FLUENT model used a VOF
method. The preliminary results include dynamic pressure, velocity vectors and the free
surface.
The realities of using the advanced computational software for such applications are the
need for vast computational resources. There is also a significant amount time need to
learn the intricacies of the model and to generate the grid. While the resource
commitment would be similar to that of developing a physical model, there is little
acceptance of numerical models as viable substitutes for physical models, even though
the benefits and flexibility are great. Computational details and estimated cost will be
presented, with a candid discussion on the limitations and challenges.

Figure 1 Geometry of Dam Site in Gambit
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PROPERTY TAXATION AND FOREST FRAGMENTATION IN KENTUCKY
WATERSHEDS
Scott Brodbeck
Graduate Research Assistant
University of Kentucky, Forestry Department
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This study examines the current practices utilized in assessing forest land for
property tax purposes in thirty-seven counties in the Green River and the Lower
Cumberland River Watersheds in Kentucky. These watersheds are among the top fifteen
watersheds in the United States expected to experience increased development and
fragmentation according to the U. S. Forest Service. As urban sprawl and development
pressures influence land uses and property values, the likelihood of forests being
converted to other land uses is a concern to natural resource managers and a threat to
water quality. Land uses other than forests threaten water resources through the loss of
the natural filtration services that forested areas provide. These areas serve as buffers to
reduce the amount of foreign materials deposited by water runoff. The goal is to build a
foundation for future studies related to forest land taxation and for changes in tax policy
to promote sustainable forest management. By promoting forest management through tax
policy the rate of fragmentation and conversion of forest lands to other uses may be
reduced. A survey was conducted with the property valuation administrators for the
counties in the Green River and Lower Cumberland River Watersheds. The survey
provides data on how properties are valued for taxation in each county. After the
valuation methods were identified and grouped, they were used to compare the net
present value of a single forest rotation under different assessment methods. A sensitivity
analysis was performed to determine the impact of each of the assumptions used in
calculating net present values. The results demonstrate the disincentives that property tax
assessing methods can have on the decision to manage forests.
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SOLUTE AND PARTICLE TRACER MOVEMENT UNDER VARIOUS FLOW
CONDITIONS IN A KARST GROUNDWATER BASIN, INNER BLUEGRASS
REGION, KENTUCKY
James W. Ward1*, Alan E. Fryar1, Gail M. Brion2, and Mark Coyne3, (1) Department
of Earth and Environmental Sciences, University of Kentucky, 101 Slone Bldg.,
Lexington, KY 40506-0053, jward@uky.edu, (2) Department of Civil Engineering,
University of Kentucky, 161 Raymond Bldg., Lexington, KY 40506-0281, (3)
Department of Plant and Soil Sciences, University of Kentucky, N-122 Agricultural
Science Bldg., Lexington, KY 40546-0091
Quantitative tracer tests are commonly performed to determine solute travel
times and transport parameters in karst aquifers. However, particle tracer tests are less
common, even though movement of pathogens and suspended contaminants from
surface sinks to springs is of concern. Blue Hole Spring drains the city of Versailles
and outlying farm land and is the headwaters of Glenns Creek in Woodford County,
Kentucky. We have monitored discharge and water quality at the spring since 2002.
Recently, we examined the movement of solute and particle tracers along a ~500-m
flow path from a swallet in Big Spring Park to Blue Hole Spring. We injected tracers
as slugs through a piezometer into the swallet. On June 2, 2006, a solute trace was
conducted at low flow using rhodamine WT fluorescent dye and the conservative ion
bromide (Br-). On July 11, 2006, we used the same solutes in combination with 1-µmdiameter fluorescent latex microspheres under storm-flow conditions.
Discharge for the low-flow trace averaged 0.079 m3/s. Solute breakthrough at the
spring was almost simultaneous, with rhodamine WT arriving ~ 6.16 hours and Br- ~ 6.5
hours post-injection. Likewise, concentration peaks nearly coincided (at 7.8 hours for the
dye and 7.75 hours for the salt). However, rhodamine WT was detectable longer:
concentrations fell below the detection limit (DL) after 21.16 hours, whereas Br- was no
longer detectable 12.66 hours after injection. The DL was 0.1 µg/L for rhodamine WT
(by fluorescence spectrophotometer) and 0.1 mg/L for Br- (by ion chromatograph).
Calculated mass recoveries were slightly less for rhodamine WT (79.15 %) than for Br(84.19 %).
Immediately prior to the storm-flow trace, 2.4 cm of rainfall was recorded at the
University of Kentucky Animal Research Center (4 km northwest) over a 5-hour period
Another 11.6 cm of rain fell during the 2-week monitoring period. Spring discharge
during the storm-flow trace peaked at 0.262 m3/s and averaged 0.165 m3/s. Breakthrough
was nearly simultaneous for the solutes (~ 2.33 hours post-injection) and the
microspheres (~ 2.5 hours post-injection). Tracer concentrations at the spring peaked
quickly thereafter (~ 2.67 hours post-injection). Concentrations fell back below the DL
14 hours after injection for rhodamine WT and 5.5 hours after injection for Br-.
Calculated mass recoveries were less than at low flow (56.67 % for rhodamine WT and
52.61 % for Br-). Using a fluorescent microscope, we detected microspheres in spring
water until 164 hours after injection. Microsphere breakthrough was noticeably erratic
relative to the solute breakthrough curves.
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Preliminary results indicate that solutes and colloid-sized particles in storm runoff
can arrive simultaneously at Blue Hole Spring, but particle arrival may persist days after
introduced solutes are no longer detectable. However, latex microspheres are only gross
analogs of actual microorganisms. Therefore, we plan to conduct another high-flow trace
in January or February 2007 to compare the behavior of microspheres with isotopicallylabeled native bacteria and to compare microsphere breakthrough under summer and
winter conditions.
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